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Pathogenesis and Treatment cf Respiratory Disorders in Botulisy
By: L.M. POFOVA (Moscow)
Neurological Institute (director: Member of the Academy of Sciences,
USSR - prof. N.V, KONOVALOV), Acadeay of Medical Sciences, VUSSR
(Recelived Septeabdber 13, 1962)

(Translated by: Edward Lachowicsz, Karyland, Medical-Legal Foun-
dation, Inc., 700 Pleet Street, Baltimore, Maryland, 21202)

The treataent of acute cases of botulism presents great d4iffi-
culties, consequently the lethality rate varies between 76.7% (DOL-
MAN, 1961) and 28% {A .M. KORITSKII, 1937). Respiratory disorders

are one of the main causes of death. Yet, the pathogenesis of these
disorders still remains insufficiently expiored. It is to this day
'.u-x;;ainei. which sections of the nervous systea - that participate
in the respiratory function - are the most affected by botulism,
N.V. RIRTOVSKII et al., (1937) links respiratory disorders with the
paralysis of the diaphregm. E.K. EVZEROVA and V.M., ZHITOMIRSEAYA
(1937) consider that death from botulism follows dus to "respira-
tory paralysis® and due to "asphyxial collapse®, DOL“AB‘(1961)
explains fatal consequernces by iho paralysis of respiratory and
~irculatory centers, and N.A. GOVSEEZY (1937) by the involvement

of reticular formations in the myelencephalon. The inconsistency ;
of ovpinions as to the pathogeresis of respiratory disorders is one

of the main reesons why there is a lack of well developed methods {
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of treataent of respiratory disorders in botulisa (S.YA. SRTEIN-
BRRG et al., 1937). |

The first attempts to treat respiratory disorders in botulisas .

wore mcde by ROSEN (1938), WATSON (1935) and GEIGER (1941). The
authors used rigid-dome respirstors in cases of acuti botul {smy.
Tet, their effectiveness was limited on account of pulmonary coQ-
plications of the aspirstion type that harassed the patients (GREI,
1948) . Taking into considerstion some similarity of bulbdbar im-
pairments in botulili to those in bulbar poliomyelitis (BOPENEALY
et al., 1949) and utilizing a greater experience 15 the treataent
of bulbar type of poliocmyelitis, they performed (first time in
botulism) a successful tracheostomy with a uubloquoni artificial
respiration using a latersl respirator. The struggle with pulmo-
nary coamplications (atelectasis and accumulstior of purulent se-
cretions in bdronchl) was accomplished by withirawing secretions
-L‘n.th. ald of bronchoscope inserted through the tracheos tomy
opening (ORTON, 1951), or by usual method (SUTHERLAND, 1960).
Records indicate that RICE (1949) effected the longest (71 days)
nuccilotul artificisl respiration by using a rigid-dome respi-
rator and operating it in conjunction with repeated broného--
copiss by way of tracheostoay. |

¥e submit here a report relating own observations.

Patient B., 25 years old, was admitted on February i1, 1962
to the Respiratory Ward of the Neurological Institute on recom-
mendations of the Clinic of the 7Tth Hospital for Infectious Diw-

eases. He became 11l in the morning on Pebruary 4, sufferirg froa
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dinmed vison, nausea and staggerirng gait. 4 little later,e double
visdon appesred as sdditional symptom and the patient’s condition
became aggraveted detween ihe 6th and Tth 2ay of Pebruary with
the appearance of muscular weakness, ptosis or'bath cyilidu~cn4

s difficulty in ewallowing. As his voice acquired s twang on
Pedruary 8, liéuid food was repeatedly ejected through the nose
and he had difficulties in holding his head erect. On Pebrusry 9,
with his disease diagnosed as food toxinfection, the patient was
transferred to the Hoapital for Infectious Disesses, where the
latter diagnosis was disclaimed. Later, the patient was admitted
to the Neurological Ward with the diagnosis of truncal encepha-
litie,

The patient’'s condition on February 11 was very poor.
Conscious, but restless, he coamplaired ¢f bdreathing difficulties,
urinated occasionally in ted and often trisd to select the moat
coklurtabdie position to relieve his breathing difficultiee. Di-
plopis. Bilateral ptosis was determined, i.s, sore severe on the
rignt side, also a conqidnrsblc restriction of eyedballs’ movements
and nyetugmoid twitchings on attempts to look to the left. The
right corner of the mouth was drooping, swallowing was very diffi-
cult and the soft palute decame rigid. The pbaryngesl reflex was
reduced. Then appeared acute paresis in the neck muscles, the
head was dropping forward and the patient supported it with his
hands. The strength of clcidostornal-aauniilary Buscles was weak-

ened. The tongue deviated slightly to the right. Slight dysarthria.

No pareaes in extremities. Tendon reflexes D >3, Kc impairments
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in the sensory sphers and no disorders in coordination.

In order to reliaove hLis restlessness, the patient was adminis-
tered aminazine, As serious suspicions indicative of botulisas
aroused, the patient was given (by intramuscular injection) 6G,CCC
BU of antibotulinal antitoxic serum of the A and B types. Then, we
tried to feed him by tube and this aggravated his conditions, alac
respiratory difficulties increased considerably,

About 6 AM,, on Pebruary 11, the patient's conditicn was
gxtremely poor: he waked up conscious, but irritable and pale, he
,buld not talk, but made gestures to expresa the condition in his
thorax, His respiration was bubtled. He received injections of
cordiamine and continous fiow of oxygen from an airtight bag. Yet,
the respiratory difficulties increase¢d and tachyrnea developed,
Thus, in view of very grave conditions, the patient was tranasferred
to the Respiratory Ward,

Alsc his general condition was very poor at the time of ad-
mittance, 4 serious general pullor arnd yellowish dimscolorations
covered his skin, Mucous membranes and sclera were slightly yellow,
A general “~hydratios and decreased turgsscence were apparent. His
nourishinent was reduced. The respiration weakened sharply in lungs,
its rate was 30 per minute, The type of respiration was paradcxical,
i.e, at the height of entry a reiraction took place in the epi-
gastric region, A ‘periodic emergence of the £tenosal type of resjp.-
ration occurred with the drawing back of jugular fossa at the height
of entry. Absence of cough izpulses were due to extensive paresis

of abiominal muscles. Heart sounds were muffled, The arterial
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pressure was 150/9C mz., Normal temperature, His tongue was furred
with a thick white film, mucous membrenes were 4dry and a purulent
coating was dotected on rear wall of the pharynx. A fetid odor
emanated from his mouth and the abdomen wag moderately distended,
No evacuation of bowels occurred in the last 4 days. Ischuria de-
veloped,

Pupils of normal form, D > S. Convergence and accomodation
‘adjuntmonta wers lacking. Ptosis of both eyelids was symmetrical,
Absence of eyeballs’ movementa. The tens’on of mastication musocles
was considerably weakened, The mouth could be opened with diffi-
culty, but no wider than 1 cm. Bffective movemeants of mimetic
muscles were sharply reduced: only a hint of closing the eyelids
~~uld be brought out; the same appliied to cuatracting of bdrows, to
zovenenls of jaws, to putfing up cheeks and to showirg his teeth,
The soft palate wus rigid. The pharyngeal reflex and the asoft palate
reflex were absent. The epiglottis was stiff, vocal folds becanme
invisitle, the voice was nasalized and the swallowing impoaaiblo.
He could hardly move his tongue. Considsrable dysarthria. Acute
paresis of the neck muscles, The volume of movements in arms and
legs remained full, but the strength was reduced in all groups of
puscles. The patieat could not turn around indspendently. A general
severe adynamia, Diffused muscular hypotonia. Pascicular twitchings
in major thoracic muscles, Tendinous reflexes live, Absence of
pathological reflexesi abdouinal and sole reflexea dizinished con=-

sideradly and showed a rapid enervation. No impairrents of sensi-

‘tivity.
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I-ray pictures revealed a rizid disphragam. On the right si{de
a deep and homogeneous shading was visidble in lung tissues that
corresjponded to an average lode of the right iung. Blood test:
Hb 80 units alkaliy erythrocytes 4,600,000; color index 0.97:
leuko ytes 18,100; "P" (TN: polymorphonuclear cells?) 3.5%; °S°®
{TN: stad cells?) 78%; lymphocytes 6% monocytes 5% E.S.,R. § unm
per hour (sic!), Urine test: albumin 0.99%, specific gravity 1020;
no sugarj leukocytes 5 to 8 in visual field, Brythroecytes not
changed, granular O to 1 in the preparstion. Reaidual nitrogen on
Pebruary '1 was 79,2 sgk. Cerebrospinal fluid: albumin 0.33%oc
“eytosis 1, Pandy’s reaction elightly positive, Bilirubin in the
blood (eccording to van den Bergh’'s test) was 2.2 mge and direct
reaction was negative. General protoin €.77 gmA, aldbumire 4,57
and globulins 2.2%, 0

As wacertained .auter, three 1ild cuses of polsoning with
diightly sulted herring were reported Ifrom the coamunity of the
vatient’s vicinity. In conneztion with this, the patisnt received
aiditionally, each day, for 3 days, 75,000 BU of antidotulinal
.antitoxic serum of the A and B types by intramuscular 1n39ct10£s.

Recocnizing thet the patisnt’s 1life was in cdanger 4due to
respirstory difficulties and buldar involveaments w~ith the uppear-
ance of hypoxia, also due to cardiovascular 3issrders an¢ pilimo-
nary complications (actelectatic pneumornia, right s.de', we per-
foresd a tracheostoay on the patient in accordance with his vital
indizations. e found in trachea an accumulation of purilent

sscretions with fetid odor. Seeding of purulent aputun revealed
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u growth of staphylococci and Bacillus coli, which proved to be
nonsensitive to aatiblotices. After completed suction of purulent
sscretions, we comnnected the volumetric respirator of Argstrem’s
type to provide a constant andotracheal artificial respirastion
with a poaitive pressure that effected 18 rhythmic alternations
y8r minute, The per-minute volume was 10 liters (8 1 of air and 2 1
of oxygen). With the alignment of artificial respiration, the
arterial pressure was reduced to 120/95 mm and the rate of pulse
dropped from 140 to 120 per nminute, We noticed a mild pattern of
alkalosis with pH fluctuations between 7.55 und 7.57 during
partial CO2 pressure at 21 to 28 mm Hg and the seturation of ar-
terial blood with oxygen up to 96%,

Along with urtificta” ~«spiration we adminiastered to the
patient a subcutaneous dr., of fluid, then an injection of fluid
_into the stomach by a tube, 3180 a suction of tracheal secretions
by means of catheter, then application of antibiotics, first
siphonal, later high enemas with the latter, both internded to
evacuate the rectum and to cleanse it mechanically.

The patient’s condition during the first 10 days was extiremely
poor. His temperature varied between 37.8 and 38.5°C; his natural
respiration wes negative., He endured a severe pareals of intasstines
for 20 days. Normal functions of intestines returmed no sooner
than on lMarch 8, Up to February 19 we observed yellowish discolor-
ations of skin and symptoms of increased blseding. Slood tests

revealed the nunber of leukocytes was between 17,800 and 16,800

and, even on the 23rd day of his illnesse, the E,S.R, was 60 mm per
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A elight weaknes3 in proximal parte of the patient’'s left ara
appeared on the 14th gay of his illneas, then reflexes in arms
dininished, while a general adynamia incressed in muscles of the
trunk and extremities. Inassuch as similar conditions could result
frce sdditional srrival of toxin, we administered a sudsequent
injection of antibotulinal serua and this caused periodic skock
chills accompanied by the increase in %smperature to 40°C, by the
increase in arterial pressure to 180/90 ma and byfthe increuse in
puilc rats to between 110 and 120 beats per minute. Th: general
‘cond‘tion of the patient began to improve effective Pebruary 19

| (1Sth day of illness). His temperature returned tc normal on
Fedruary 21|t'(17th day of illness). Yellowish discolorations
-docrc;ood and the secretions takoh with sputum specimsns were less
fetid. Now, as symmetrical reatitution of the oculomotor nerve
furctions began frou their neurolytic status, we discloeed only
s z0nocular nystagmusi we also noticed sone meiov.mnnt in efforts
of opening %he mouth and in moveaents of mimetic amuscles, Moreover,
the patient was adle to move hie toﬁguc forward, Yet, the pa-~ |
ralysis of tie soft palate muscles and of epiglottis still remairned;
tre same persiastence was ir .uscles of the neck and in respiratory
muscles, We noticed a diminution of tendinous reflexes irn the
reflex peripheries, Orn 23rd day the patient wap able to breath
independently up to 2 houre in 24 hours. Thes respiratory rate was
2) and 24 per amirute.

Considerable improvements of all respiretory functions began
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on March 2 and they 1nc1ud¢d:'n.tnral{Folpirittﬁn up to 8 hours
in 24 hours; restitution of the syeballs’ iovc-iﬁiq and of the
functions of mimetic muscles, But, nueh slower progr..;.a the
restitution of the masetsr and phn;yngoll -nlélca.'silo of the |
soft palate and neck muscles, Prom March 6 the pafio:f needed the
respirator only at night, and from karch 9, i.e. on ;ird duy of
his oicknons, hobyaa able to breathe freely for 24 hours. He began
to swallow liquid food on 32nd day of his illness and a full resto-
ration of swallowing took place on the 36th day slong with the
ability to spesk, although the twang and diplopis still remsined,
¥e sti)l observed accommodation paroaisAiﬂ,nouroiytic status on
42nd day of illness, also pystagmus and s moderate weakness of
neck muscles, as well as a weakness in proxiasl parts of the left
aras suscles, Breuthing difficulties were not checked when vital

|
~favaclty of lungs wes <.4 Llters. Tne patient began to sit onm |

+dth ‘ny arnd tu waik L. Shth day, bdt his gait wua uncertain aid
®tagderirg. Decanulatiun wes performed om the 55th day of 1llness,

The patient was discharged in good conﬂ;tion from the hospital
on May 20, i.e. after 106 days of illness. He carried a heavy scar
ir the vicinity of his tracheostomy. Vital cipncity of lungs was
1.2 liters. We merely noticed a still resistant accommodation
paresis in neurolytic status. |

In this way developed a severe form of botuliem in the pativnt:
it was followed by respiratory difficultiee that threatened his
life. As far as we know, similar cases usually ended with death.

Our study of the pathogeneeis of respiratory difficulties in
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totulisa revealed that this process assumed a coabined pattern.

The first respirstory difficulties (on the 3rd day of illness)

were influenced by the pharyngeal paralysis which manifested itsel?

Ly disturbances in swallowing, phonation end in epeech. In conmnect-

ion with the pharyngesal parslysis, breatbing difficulties developed

due to paralysis of vocal cords and epiglottis, ther. due to re-

trection of the tongue, a8 well as frox the aspiration of focd, ‘

also due to vomited particles lodéod behind the pharynx’s con- f

strictors, and all caused each tixe 4isturbances in the passsblenesns

of air passages. On the 6th duy of illneses were added to these

dangerous syaptoms also peripheral paralyses of the respiratory

and adbdominal muscles, and this caused an acute decrease in the

ventilation of lungs and disorders in the mechanies of expecto-

ruticn, O
It is wpparent frua the descrited anulysis of the clinicel

picture of respirstory difficulties in “otulisz that they develop

‘@ combired pattern; we lenoted tieee diffi.culties as of the pha-

ryrgospinal type. Durirng the erntire course ef the diseave there

wus rno resson to suspect in the patient any diaordéra in the

central controle of breathing: the respiratory rhytha was horzal

and we failed to observe any discoordination in movements of the

Laretic reepiratory muscles., Thus, among all parts of trhe rnervous

system that participate ir realization of the reapirétory event,

we find in botulism that the most severely izpaired ne;e the

functions of the lower group of cranial rerves that inrervated

the muscles of swallowirg, those of the larynx and tongue, also of

0




the spinal cord at the neck level and at tbs level of the upper
thoracic parts which protect the irnervation of the diaphragam and
of the intercoastal muscles,

The respiratory disorders in botulism differ froom those
usually observed in poliomyelitis and in other truncal encepha-
litides by a saarply expreesed symmetry of impairments in respira-
tory and pharyngeal muscles, by tne dryness of zgucous membranes
and by the absence of disorders in the central respiratory control.
A8 we know, in bulbar forms of poliomyelitis the pharyngeal para-
lysis is accompanied by salivation and by abundant accumulation
of secretions, consequently these forms of polio were named "wet®,
Mucous membranss in botulism are dry, thus a wrong izpression may
be created about the abesence of obstruction symptoms in reepira=-

(:, tory passages and concerning the indications to tracheotomy. At
the same timé, the indicants about the impaired vassableness of
riap1ratory tracts are always present as a result of the available
pareses in constrictors of the pharynx, also in muscles of the
soft palate and in larynx, as well as due to retraction of the
paralyzed tnngue.

OCur method of trestment of reapiratory parslysis in botulism
differred from that used up to now ty the factor that we conducted
a prolonged artificial respiration without using a rigid-dome
respirator and bronchoscopies for suction of secreta. We employed
a method of the prolonged endotracheal artificial re:pirstion

wnder a positive pressure, with the aid of volumetric resplrator

‘uf Angetrem, also a suctiorn method and drainage of vrornchi by means




cf & vacuum in conjunction with the pulmorary therspy. We applied
this method of treatment of botullsm for the first time in the
USSR, Yo feiled to'rxnd.in foreign litersture any descriptiors of
the *reatsent of respiratory paralyeis in bdotulism with the sid
of Angstrea’s apparetus. This amsthod of trvatdent appeared to de
sore effective and sparing: the patient never received dronecho-
. scopic trestment for removal of mucus, also the vertilation of
lungs was performed aore sccurately. The insufflated air was well
moistened and warmed, which prevented developmen+ of purulent
crusts in respiratory passages and it also prbvod to be a good
srophiylaxis of atelectases, The use of vclumetric respirator
instsad of a rigid-dome respirator permits to secure a better
care and easier handling.

We consider necessary to point out that, in »ll acute cases
vf botulisa, in which respiratory difficulties endanger the life,
vi.¢ aust 1se unconditionally and at the proper tire, well pre-
iared zodern methods of treatment of respiratory difficulties
a.-h the aid of respirators. Since «ll measures of the struggle
with respiratory difficulties in botulism are, at tizes, applied
for many weeks, 1f is adviaaltle to conduct such treuataent in
kespiratory Jarde and Centers, where respiratory a;paratuses are
available, as well aa & trained and well-organized medical jerson-

nesl,

N Summary
i

Thv-psgciydc-criboa & severe form of botulism in u 25-yeur

ol4 patient. The course of the disease was zanifestel by respira-
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tory disorders of the pharyngcspinal type. Por treataent the author
enployed endotracheal artificial respiration under a positive
pressure by means of Angstrea’s respirator for a course of 27

days. Pulmonary cozplications were controlled by suction of the
bronchisl secreste with Timan’s catheters in conjurnction with
pulmonary therapy. Recovery ~aa complete with the exception of

a 2114 accommodation paresis., ~;, —
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